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Soil Moisture Extraction and
Physiological Wilting of Cotton on
Mississippi River Alluvial Soils
K. N. Glower and W. H. Patrick, Jr/
Abstract
Physiological wilting of cotton on the Mississippi River floodplain
soils of Northeast Louisiana was found to occur because of a shortage of
available moisture at the beginning of the growing season. Because of
the compact nature of these soils, winter and early spring rainfall did
not penetrate below a depth of 2-3 feet. This poor penetration of water
resulted in subsoil moisture contents near the wilting point at the be-
ginning of the cropping season when the whole soil profile should
have been recharged with water. Bulk density and noncapillary porosity
measurements showed a compact layer or hardpan under the plow
layer in soils where wilting was a problem. Subsoiling the previous
fall resulted in an increase in water intake and an increase in yield in
1961, a year with generally adequate rainfall during the growing season.
Introduction
Physiological wilting is one of the major disorders affecting cotton
grown on the medium-textured soils of the Mississippi River floodplain.
Wilting of the cotton plants occurs in late summer during dry years
and results in the cessation of growth and the shedding of squares
and small bolls. The areas of wilted cotton, which are locally called
"hot spots," may occur as small areas within a field or may occupy
the entire field. Generally, wilting begins in the same part of the field.
Wilting is much more severe and the wilted area much more extensive
if the dry period is prolonged. Wilting occurs both on soils with
coarse-textured profiles and on medium-textured soils with highly
compact subsoils. In this report the relation of wilt occurrence and
yield of cotton to the available moisture content of the soil and to
certain soil physical properties was studied.
Materials and Methods
This study consisted of (1) a preliminary survey of soil moisture
conditions in areas of cotton wilting, and (2) a detailed study of
moisture extraction and cotton wilting. The preliminary survey was
conducted to determine if physiological wilting occurred as a result
of the depletion of available moisture from the soil. The sites sampled
in the preliminary survey were in Tensas and East Carroll parishes
iFormerly Graduate Assistant and Professor of Agronomy, respectively.
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in the Mississippi River floodplain area of Northeast Louisiana. All
of the soils were classified as Commerce or Mhoon series. Since the
time of this survey several soil series have been separated from the
Commerce and Mhoon series in this area. Some of the soils studied
may be currently classified as Dundee or other series. Eight fields in
which cotton wilting occurred were sampled in August 1956 to a
depth of 36 inches for available moisture analyses. Samples were taken
where plants had recendy wilted and in adjacent nonwilted areas.
Cotton yields were estimated by harvesting and weighing mature bolls
in measured plots of wilted and nonwilted cotton.
The more detailed study made in 1961 consisted of (1) the meas-
urement of extraction patterns of available moisture throughout the
growing season, (2) the measurement of the effect of subsoiling on
available moisture and cotton yield, and (3) the evaluation of the
effect of certain physical properties of the soils on physiological wilting
of cotton. Three areas were selected for this study. Two of the areas
were on Dundee loam, one at Midway Plantation and the other at
Barcelona Plantation. The Dundee soil is one of the older soils of the
Recent floodplain of the Mississippi River and shows evidence of pro-
file development. Physiological wilting of cotton is common on these
soils. The third area was on a Commerce fine sandy loam on the
"Island" near Lake Bruin. All of the study areas were located in Tensas
Parish. Cotton yields were determined by hand-picking measured plots.
A field experiment was conducted on the Dundee loam at Midway
Plantation in 1961 in which the effects of subsoiling on available soil
moisture content and yield of cotton were studied. Subsoiling was done
the previous fall to a depth of 18 inches with a 3-inch-wide chisel which
shattered the soil with a 2-inch uplift.
In both studies the soil was sampled in 6-inch increments and
moisture content was determined gravimetrically. The soil was sam-
pled to a depth of 3 feet in the preliminary study, to a depth of 5 feet
at Midway and Barcelona, and to a depth of 6 feet at the "Island."
Standard U.S. Weather Bureau rain gauges were installed near each
field to record rainfall. Fifteen-atmosphere moisture percentage (wilt-
ing point) and 1 /3-atmosphere moisture percentage (field capacity)
were determined by using the pressure membrane and porous plate
methods {4) Soil texture was determined by the Soil Science Society
of America proposed method (7) with modifications (5) . The method
of Russell and Balcerek (5) was used for bulk density determinations.
Porosity-moisture tension curves in the low tension range were made
using the tension table developed by Leamer and Shaw (2) .
Results and Discussion
Preliminary Survey of Available Soil Moisture
The results of the survey of available soil moisture in wilt and adja-
cent nonwilt areas at eight locations on Mississippi River alluvial soils
2ltalic numbers in parentheses refer to Literature Cited, Page 22.
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TABLE L—Available Soil Moisture and Estimated Cotton Yields on Wilted and
Adjacent Nonwilted Areas of Certain Mississippi River Alluvial soils
Available soil Available
moisture storage moisture present,
Depth, inches capacity, inches inches
1. Mhoon loam, Tensas Parish
Wilted Nonwilted wiitea Nonwilted
0-6 0.70 0.96 0.47 0.39
6-12 1.01 1.19 0.03 0.16
12-18 1.31 1.22 0.00 0.06
18-24 1.19 1.17 0.00 0.20
24-30 1.36 0.90 0.00 0.20
30-36 1.42 0.63 0.00 0.14
Available water-
holding capacity,
0-36 inch depth 6.99 6.07
Available water
present, 12-36 inches 0.00 0.60
Lbs. seed cotton per acre 910 2,320
2. Commerce silt loam, Tensas Parish
Wilted Nonwilted Wilted Nonwilted
0-6 0.78 0.77 0.14 0.45
6-12 1.27 1.29 0.00 0.13
12-18 1.43 1.46 0.00 0.34
18-24 1.08 1.83 0.03 0.15
24-30 0.72 1.36 0.02 0.00
30-36 0.65 0.96 0.01 0.04
Available water-
0-36 inch depth 5.93 7.67
Available water
present, 12-36 inches 0.06 0.53
Lbs. seed cotton per acre 1.260 2.270
3. Commerce silt loam, Tensas Parish
Wilted Nonwilted VV IILCU. XTN onwilted
0-6 0.80 1.16 0.12 0.41
6-12 1.04 1.18 0.00 0.21
12-18 1.01 1.12 0.00 0.17
18-24 1.10 0.91 0.03 0.11
24-30 L14 0.78 0.00 0.09
30-36 1.58 0.53 n Of) u.u/
Available water-
holding capacity,
0-36 inch depth 6.67 5.68
Available water
present, 12-36 inches 0.03 0.44























Lbs. seed cotton per acre
Wilted Nonwilted Wilted Nonwilted
1.09 1.42 0.19 0.73
1.20 1.59 0.03 0.29
1.07 1.46 0.02 0.33
1.05 1.26 0.00 0.22
1.08 1.55 0.00 0.24
















Lbs. seed cotton per acre
Wilted Nonwilted Wilted Nonwilted
0.75 0.75 0.00 0.15
0.96 1.01 0.00 0.00
1.25 0.80 0.00 0.01
1.25 1.29 0.00 0.00
1.45 1.20 0.00 0.00




















































moisture storage moisture present.
Depth, inches capacity, inches inches
7. Commerce loam, Tensas Parish
Wilted Nonwilted Wilted Nonwilted
0-6 0 fiQ u.oo 0.10 0.26
6-12 0 71 w.Ov 0.00 0.07
12-18 1 1 Q 0.00 0.00
18-24 1.07 0.81 0.00 0.09
24-30 1.12 0.92 0.00 0.04
30-36 1.36 0.95 0.00 0.12
Available water-
holding capacity,
0-36 inch depth 6.14 4.44
Available water present,
12-36 inches 0.00 0.25
Lbs. seed cotton per acre 1,080 2,840
8. Commerce silt loam, Tensas Parish
Wilted Nonwilted wiitea Nonwilted
0-6 0.65 0.98 0.11 0.04
6-12 0.79 1.14 0.00 0.06
12-18 0.94 1.08 0.00 0.00
18-24 0.95 0.09 0.00 0.03
24-30 0.96 1.19 0.00 0.00
30-36 0.89 1.22 0.00 0.13
Available water-
holding capacity,
0-36 inch depth 5.18 6.70
Available water
present, 12-36 inches 0.00 0.16
Lbs. seed cotton per acre 710 1,310
are shown in Table 1. In the wilt areas no available moisture was pres-
ent in the upper 36 inches of soil except for a small amount in the
top 6 inches as a result of a rain which fell shortly before the samples
were taken. In all nonwilt areas except one, a small amount of avail-
able moisture was present in the 12-36 inch zone. Wilting of cotton was
definitely associated with the depletion of available soil water.
Wilting could not be explained on the basis of the moisture storage
capacity of the soils since both the wilt and nonwilt areas had similar
high moisture storage capacities (Table 1) . Available moisture was
almost depleted in several of the nonwilt areas. There were no differ-
ences in soil texture between the wilt and nonwilt areas that could ac-
count for the differences in available soil moisture. The higher avail-
able moisture content in the nonwilt areas was very likely due to a
higher moisture intake rate.
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Moisture Extraction Pattern in Dundee Loam at Barcelona
Plantation
The moisture extraction patterns measured during the 1961 grow-
ing season are shown in Figure 1 for the wilt area and in Figure 2 for
the adjacent nonwilt area at Barcelona Plantation. Rainfall values
are for total precipitation between sampling dates. Rainfall measure-
ments were begun May 31. During exceptionally dry years, wilting
has occurred on both areas. Available soil moisture to a 5-foot depth
throughout the growing season for both the wilt and nonwilt areas
is shown in Figure 3. In both profiles very little available moisture was
present below a depth of 30 inches. The first sampling on May 3
showed subsoil moisture to be low in both the wilt and nonwilt areas,
with the nonwilt area having 1.5 inches more available moisture than
the wilt area.
Moisture intake by this soil was apparently very slow. During the
period November through April, 33 inches of rain fell, but only 8
inches or less available moisture was present in the surface 5 feet of
soil at the beginning of May. It is apparent that little of this rainfall
penetrated to the subsoil, since any moisture penetrating the soil below
a depth of 30 inches would have been retained in the soil because of the
high moisture holding capacity of the entire profile (see Table 2)
.
The first part of the growing season. May and early June, was dry.
The moisture lost from the soil during this period through evapo-
transpiration came from the surface 18 inches (Figures 1 and 2) . The
crop did not suffer moisture stress since the surface 2 feet of soil con-
tained appreciable available water. Rainfall during the last part of
June was above average. Water penetrated to a depth of 4 feet in the
nonwilt area but did not move down as deep in the wilt area. As a
result of the high rainfall in late June and early July, both profiles
contained maximum moisture at the July 10 sampling. The first wilting
of cotton was observed in the wilt area when it was visited on the
afternoon of August 16, although it apparently occurred several days
earlier. On August 16, 1.99 inches of available moisture was present
in the soil profile to a depth of 5 feet. The available moisture content
decreased further to 0.52 inch in the wilt area at the September 1
sampling. The plants did not recover from the initial wilting and lost
all squares and small bolls. By harvest time all of the plants were dead.
Cotton grown in the nonwilt area did not wilt in 1961. Available soil
moisture was higher throughout the growing season in this area than
in the wilt area. The lowest available soil moisture content of the
profile in the nonwilt area was 2.07 inches on September 1. Since cotton
was wilted in the wilt area on August 16 when the available moisture
content of the surface 5 feet was approximately 2 inches, it appears that
2 inches of available moisture fairly uniformly distributed in the sur-
face 5 feet of soil may be the critical available moisture level for wilting
in this soil.
The nonwilt area yielded 2,150 pounds of seed cotton per acre
8
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FIGURE 2. — Moisture
distribution pattern
in nonwilt area of
Dundee loam at Bar-
celona Plantation.
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FIGURE 3.—Available moisture in wilt and nonwilt areas of Dundee loam at Bar-
celona Plantation.
compared with 795 pounds per acre for the wilt area. As contrasted with
the wilt area, the plants remained alive in the nonwilt area and rain-
fall following the final picking caused second growth to occur.
Moisture Extraction Pattern in Dundee Loann at Midway
Plantation
Moisture extraction patterns throughout the season in the Dundee
loam at Midway Plantation are shown in Figure 4 for the subsoiled
treatment and in Figure 5 for the nonsubsoiled treatment. Moisture
extraction was measured in three of the subsoiled plots and in three
11
FIGURE 4.—Moisture distribution pattern in sub-
soiled plot of Dundee loam at Midway Planta-
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of the nonsubsoiled plots. Because of the similarity of extraction pat- !|
terns among the replicates of each treatment, the results for only one I
plot each of the subsoiled and nonsubsoiled treatments are shown.
Total available moisture contents to a 5-foot depth throughout the
growing season for the subsoiled and nonsubsoiled areas are shown in
Figure 6. The field in which this experiment was located usually wilted
j
in all except the wettest growing seasons.
j
As was the case at the Barcelona location, the subsoil was not
j
charged with moisture at the beginning of the season. Little available
water was present below 30 inches. Movement of water into this soil
was very slow. Field observation during early winter showed that the
soil below 1-2 feet was very dry even though the soil surface had been
saturated for several days.
The pattern of moisture loss from the soil during the growing
season was generally similar to that measured at Barcelona Plantation,
with approximately 2 inches of water being lost from the surface 18
inches during the dry period in May and early June.
Subsoiling gave an increase (significant at the 1 per cent level of
probability) in available soil moisture in the surface 5 feet of soil
(Figure 6) . The total available moisture in the soil was higher in
the subsoiled plot than in the nonsubsoiled plot of each replication at
each date of sampling. Moisture content of the subsoiled plot was
higher whether computed for the upper 3 feet or the upper 5 feet of
soil. The effect of subsoiling was especially evident in the moisture dis-
tribution pattern following the heavy rains in June. In the subsoiled
plots water penetrated deeper than in the nonsubsoiled plots. The
increase in moisture supply as a result of subsoiling occurred during
a growing season in which rainfall was above normal.
Subsoiling the Dundee loam at Midway Plantation resulted in an
increase in the yield of cotton. The average yield of the subsoiled plots
was 2,110 pounds of seed cotton per acre and that of the nonsubsoiled
plots was 1,960 pounds per acre. The increase of 250 pounds per acre
was significant at the 5 per cent level of probability.
This increase in yield from subsoiling was very likely due to the
increased water supply, since moisture became limiting late in the
season. In a dry year yield differences due to subsoiling would probably
have been greater. Saveson et al (6) found that deep tillage of certain
medium-textured Mississippi River Alluvial soils produced yield in-
creases of 1,000 pounds of seed cotton per acre or more in extremely
dry years.
Moisture Extraction Pattern in Commerce Fine Sandy Loam on
the "Island"
The moisture extraction pattern of the Commerce fine sandy loam
on the "Island" near Lake Bruin is presented graphically in Figure 7.
Unlike the two Dundee soils, the entire profile of the Commerce soil
was high in available moisture at the beginning of the growing season.
During August, rainfall was not adequate to supply the needs of the
14
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FIGURE 6.—Available moisture in subsoiled and nonsubsoiled plots of Dundee loam
at Midway Plantation.
cotton crop, and a depletion of available moisture in the upper 3 feet
occurred. By the last of September the upper 3-foot zone was approach-
ing the wilting point. The subsoil was still well supplied with water,
however, and the plants did not wilt. In extremely dry years, cotton
has wilted at this location.
Soil Physical Properties
Measurements of physical properties of the soils are shown in Figure
8 for texture, in Tables 2, 3, and 4 for bulk density and moisture con-
stants, and in Figures 9, 10, and 11 for pore size distribution.
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TABLE 2.—Physical Properties of the Dundee Loam at Barcelona
Available
water
Depth, Bulk One-third Fifteen storage
inches density, atmosphere, atmosphere, capacity,
g./cc. % % inches
A t5 A A D A r>
0-6 1.58 1.49 29.09 22.54 9.69 8.78 1.84 1.23
6-12 1.69 1.65 32.73 34.16 12.24 11.51 2.08 2.24
12-18 1.52 1.46 34.87 30.78 11.55 11.44 2.13 1.69
18-24 1.43 1.43 31.51 30.04 10.86 10.44 1.77 1.68
24-30 1.42 1.36 24.41 30.62 9.76 10.92 1.25 1.61
30-36 1.41 1.44 32.69 34.02 9.93 10.89 1.93 2.00
36-42 1.46 1.40 31.17 33.94 9.70 11.19 1.88 1.91
42-48 1.57 1.42 34.80 31.02 10.00 10.54 2.34 1.74
48-54 1.55 1.43 38.20 35.29 16.53 13.06 2.02 1.91




TABLE 3.—Physical Properties of the Dundee Loam at Midway
Available
water
Bulk Field Wilting storage
Depth, density, capacity. point, capacity,
inches /cc. % % inches
A B A B A B A B
0-6 1.54 1.54 25.02 26.36 8.80 8.83 1.79 1.65
6-12 1.61 1.58 27.47 29.43 10.41 11.01 1.57 1.70
12-18 1.48 1.50 27.29 30.16 9.24 10.00 1.60 1.80
18-24 1.44 1.44 23.76 24.05 8.66 8.32 1.30 1.38
24-30 1.47 1.48 25.43 23.85 8.82 7.78 1.47 1.43
30-36 1.43 1.44 22.17 19.58 7.41 6.40 1.27 1.16
3642 1.43 1.43 22.72 20.38 7.35 6.99 1.32 1.17
42-48 1.43 1.47 19.72 23.02 7.11 7.72 1.08 1.37
48-54 1.45 1.46 17.28 24.58 6.62 8.29 0.93 1.42




The high density in the 6- to 12-inch depth in the two Dundee soils
indicates a compact horizon or hardpan. Excavation of these soils sub-
stantiated the fact that the zone directly under the plow layer was very
compact. Many of the cotton roots turned horizontally after striking
this compact layer. In the Commerce fine sandy loam the zone directly
under the plow layer was not so compact. Bulk density was not as
great and root penetration was not as restricted as in the Dundee soils.
Physiological wilting was obviously not due to differences in avail-
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able soil moisture storage capacity. As was the case in the preliminary
survey, soils in both the wilt and nonwilt areas had high moisture
storage capacities.
The high degree of compaction below the plow layer in the two
Dundee soils is also indicated by the pore size distribution in the sur-
face layer and in the pan layer, as is shown in Figures 10 and 11. Porosity
was much lower in the pan layer than in the surface layers of both
soils. The porosity at 60 centimeters tension, usually referred to as non-
capillary porosity, was greatly below the value of 10 per cent, which
is generally considered as the minimum necessary for good water and
air movement and adequate root penetration. The samples from which
these analyses were made were taken about a year after subsoiling and
no effect of deep tillage was noted.
Pore size distribution in the Commerce soil is shown in Figure 12.
Although noncapillary porosity was fairly low in both the surface
TABLE 4.—Physical Properties of the Commerce Fine Sandy Loam at the "Island"
Available
water
Bulk Field Wilting storage
Depth, density, capacity, point. capacity,
inches g./cc. % % inches
0-6 1.50 13.16 5.16 0.72
6-12 1.50 11.09 4.77 0.57
12-18 1.39 16.62 5.75 0.91
18-24 1.48 10.52 4.87 0.50
24-30 1.41 26.80 5.83 1.77
30-36 1.40 36.09 8.78 2.29
36-42 1.38 35.59 10.56 2.07
42-48 1.36 31.88 11.39 1.67
48-54 1.36 25.39 7.79 1.44
54-60 1.42 25.38 7.15 1.55
60-66 1.40 28.64 7.53 1.77
66-72 1.33 20.73 5.71 1.20
Total 16.47
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FIGURE 9.—Pore size distribution in surface and hardpan layers of Dundee loam
at Barcelona Plantation.
layer and the subsurface layer, the noncapillary porosity of the sub-
surface layer was higher than that of the pan layers of the Dundee soils.
The physical analyses show that compaction in the two Dundee
soils was great enough to limit both water penetration through the
hardpan and root development in the subsoil. This was especially evi-
dent from the values of noncapillary porosity and bulk density in the
hardpan layer directly under the plow layer. The slow movement of
water resulted in little of the winter and early spring precipitation
penetrating below a depth of 2-3 feet in the soil. During growing
seasons of low rainfall the supply of stored soil moisture was not ade-
quate for crop needs, and severe wilting resulted on these soils.
19
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FIGURE 11.—Pore size distribution in surface and subsurface layers in Commerce
fine sandy loam at "Island."
Summary and Conclusions
A study was made of physiological wilting of cotton grown on
medium-textured soils of the Mississippi River floodplain. The first
part of this study consisted of a preliminary survey of available soil
moisture in several wilted and adjacent nonwilted locations and an
estimation of the effect of wilt on cotton yields. The second part of this
study consisted of (1) the measurement of moisture extraction patterns
of cotton throughout the growing season in wilted and nonwilted
areas, (2) measurement of the effect of subsoiling on moisture and
cotton yield, and (3) the relation of various physical properties of
the soils to wilting of cotton.
The preliminary study showed that physiological wilting of cotton
was associated with the depletion of available soil moisture. At the
time of wilting, the moisture content of subsoil was at the wilting point
or below. In all but one of the adjacent nonwilted areas, available sub-
soil moisture was still present. Wilting was not related to soil texture
or available water holding capacity of the soils.
The more detailed study of moisture extraction throughout the
growing season showed that the subsoils of the two Dundee soils had
not been recharged with water at the beginning of the season. Physio-
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logical wilting as a result of moisture stress occurred readily on these
soils because of the early exhaustion of the limited amount of available
soil moisture.
Subsoiling a Dundee loam soil gave a small increase in available
soil moisture, which was significant at the 1 per cent level of proba-
bility. The increase in available moisture was reflected in a significant
increase in the yield of cotton. An increase of 246 pounds of seed cot-
ton per acre was obtained as a result of subsoiling in 1961, a year with
above-average rainfall during the growing season.
The subsoil of the Commerce fine sandy loam was high in available
soil moisture at the beginning of the season. Cotton grown on this
soil did not suffer from a shortage of moisture.
Measurement of bulk density and porosity, as well as field observa-
tion of root penetration, showed a pronounced hardpan in the subsoil
of the two Dundee soils. These hardpan layers were compact enough
to seriously limit water movement and root penetration. The slow pene-
tration of water through these compact layers could account for the
low content of subsoil moisture in these soils at the beginning of the
growing season and the subsequent wilting of cotton which occurred.
No such hardpan was observed in the Commerce fine sandy loam.
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